The aroma-active compounds present in Sachima samples purchased at retail from the same batch code and stored for different durations of the shelf life were analysed by two methods: solid phase micro extraction (SPME) and solvent-assisted flavour evaporation (SAFE)-gas chromatography-olfactometry-mass spectrometry (GC-O-MS). A total of 41 volatile key compounds were identified. Among them, the predominant compounds in Sachima were tentatively identified by dilution analysis as being 3-(methylthio)propionaldehyde, 2-pentylfuran, 2-methyl-3-(methylthio)pyrazine, dimethyl disulfide, and dipropyl trisulfide. These compounds produced the highest due to their highest calculated flavour dilution (FD) factors. Sensory evaluations of the extracted compounds by a panel of trained individuals revealed that the 'egg' aroma was the main characteristic aroma due to its high sensory assessment score. With increasing length of storage of the product from 0 to 10 months, the overall acceptability of the Sachima aroma declined gradually. The observed changes in concentration of the different volatile compounds during storage indicated that the Maillard reaction and lipid oxidation continued during storage, so that aroma compounds and off-flavour compounds were being generated simultaneously. In addition, the undesirable smell of Sachima that increased during storage was not just generated from one volatile compound with a distinct off-flavour, but rather it was the result of an increase in both pleasant and unpleasant aromas. Furthermore, the pleasant aroma components appeared to still play a dominant role in the overall aroma profile of Sachima even after 10 Months of storage, which is within the stated shelf life on the product label.
Introduction
Sachima is a traditional Chinese sweet egg-based pastry that originated from the Manchu people and was one of the tribute offerings during the Qing Dynasty. [1] Because of its attractive colour, unique flavour, delicate taste and soft texture, Sachima has long been consumed by all age groups. It is rich in lipid and carbohydrate, which comprise 30% and 50% of the final product, respectively.
reactions that occur during the preparation of Sachima. Ridgway, etc. [3] systematically reviewed the source of off-flavours and taints in foods and beverages, and highlighted Maillard reaction and lipid oxidation as being important contributory factors to these effects.
In a previous study by Wang etc., [4] 37 aroma compounds were identified from Sachima samples by means of solid-phase microextraction-gas chromatograph-mass spectrometry (SPME-GC-MS), including 11 aldehydes, 4 ketones, 5 esters, 9 heterocyclic compounds, and 2 acids. The same method was used to explore the changes of these flavour compounds that occurred during storage of Sachima. [2] However, apart from that study, few previous studies have investigated the key aromaactive compounds of Sachima, how these change during storage, and how this impacts on the sensory quality and shelf life of the product.
The purpose of this study was to identify and characterise the key aroma-active compounds in Sachima and to study the changes in their concentration during shelf life storage, using both SPME and SAFE combined with gas chromatography-olfactometry-mass spectrometry (GC-O-MS) techniques and sensory analysis. It was anticipated that the results would provide useful information for improving the shelf life quality and stability of Sachima as a traditional Chinese pastry. [5] Materials and methods
Chemicals
Chromatography standards, including 2-methyl-3-heptanone (purity > 99%), n-alkanes (C 7 -C 30 ) (, purity > 99%), n-hexane (purity > 99%) and the authentic standard flavour compounds used in the identification of volatiles (purity > 99%), were purchased from Sigma-Aldrich (St. Louis, MO, USA). Analytical reagents, including diethyl ether (purity > 99%), n-pentane (purity > 99%) and anhydrous sodium sulfate (purity > 99%) were provided by Yifengtiancheng Scientific Instruments Co. Ltd. (Beijing, China). Nitrogen (purity > 99.99%) was supplied by Beijing Haipubeifen Gas Industry Co. Ltd. (Beijing, China).
Sachima samples
Retail samples of Sachima samples were chosen from the same batch code and the most recent production date supplied by Nestlé R&D (China) Ltd. The samples were stored at room temperature (around 20°C) for the duration of their shelf life. During this period, samples were removed at 2 months, 4 months, 6 months, 8 months and 10 months, and stored at −18°C prior to their analysis. Once all of the samples were available for analysis, they were divided into two groups. One group was used for sensory evaluation, and the other was used for chemical analysis in order to evaluate the changes in the composition and concentration of volatile components during the shelf life of the product.
Extraction of aroma compounds by solid phase micro extraction (SPME)
A divinylbenzene/carboxen/polydimethylsiloxane (DVB/CAR/PDMS) SPME fiber (50/30 μm, Supelco, Bellefonte, PA, USA) was used to extract the volatile compounds from the Sachima samples. Five gram samples of Sachima were weighed and placed into headspace vials (100 ml), to which 1 μL internal standard (1 μL 2-methyl-3-heptanone in 999 μL n-hexane) was added prior to extraction. The vials containing the samples were incubated at 60°C for 20 min. The SPME fibers were then exposed in the vials for 40 min at the same temperature. Subsequently, the fibers were inserted into the gas chromatography (GC) injection for thermal desorption at 250°C for 5 min. Every sample was performed by triplicate analyses.
Extraction of aroma compounds by solvent-assisted flavour evaporation (SAFE)
A 20 g sample of the Sachima was weighed and mixed with diethyl ether/n-pentane (V 1 /V 2 = 2, 180 mL) in a Teflon bottle containing 2-Methyl-3-heptanone (50 μL, 0.816 μg/μL), as an internal standard, and extracted at 4°C for 8 h. Solvent extraction was performed by SAFE apparatus (Deutsche Forschungsanstalt für Lebensmittelchemie, Freising, Germany) in accordance with the procedure described by Engel. [6] The apparatus consisted of a backing pump and a molecular turbine pump for producing a high vacuum (10 -4 to 10 -5 Pa). In addition, it included a water bath maintained at 40°C for separating the volatile compounds, and a trap tube maintained at very low temperature (−196°C) to trap the volatile substances. Anhydrous sodium sulfate (Na 2 SO 4 ) was used as a drying agent to remove moisture. Following separation, the extracts were stored in a refrigerator at −20°C for 12 h in order to further remove any remaining water. The resulting extracts were concentrated to about 10 mL using a Vigreux column (50 cm × 1 cm internal diameter) and thereafter further concentrated to ca. 500 μL by passing through a gentle nitrogen (99.99% purity). Finally, a 1 μL sample of the concentrate was injected into the GC inlet for spectral analysis and the residual solution was stored at −20°C. Every sample was performed by triplicate analyses.
Aroma extraction dilution analysis (AEDA)/dynamic headspace dilution analysis (DHDA)
Two types of dilution analysis were performed in this study. The first utilised a solvent extraction method (AEDA) similar to that described by Wang. [5] The ratio of the serial dilutions performed was 1:3. The flavour dilution (FD) factor was the highest dilution multiple of the compound, and the FD factors were expressed as log 3 FD (1, 2, 3 and so on), representing the serial dilutions (1:3, 1:9, 1:27, and so on, respectively). The second analysis was the headspace dilution method (DHDA), similar to that described by Kim and Ferreira. [7, 8] The dilution ratio was achieved by changing the split ratio of GC-O by 1:1, 3:1, 9:1, 27:1, 81:1, and so on. The corresponding FD factors were 0, 1, 2, 3, 4. The FD values were obtained from five experienced sensory panellists who sniffed the aroma compounds as separated by GC-MS (described below). All FD values were averaged and rounded to the next whole number.
Gas chromatography-olfactometry-mass spectrometry (GC-O-MS) analysis
Gas chromatography-mass spectrometry of the aroma compounds was performed using gas chromatograph 7890A-7000B (Agilent Technologies Inc., Santa Clara, CA, USA), which was equipped with an olfactory detector port (Sniffer 9000; Brechbühler, Schlieren, Switzerland). The injection volume was 1 μL (valve-delay time = 4 min; splitless for SPME, split ratio 5:1 for SAFE). The separation of aroma compounds was performed on both a polar DB-Wax column and an almost non-polar DB-5 capillary column (both 30 m × 0.32 mm, film thickness 0.25 μm; J & W Scientific, Folsom, CA, USA). Ultra-high purity helium (purity > 99.999%) was used as the carrier gas, at a flow rate of 1.2 mL/min. The GC oven program was 40°C held for 3 min and then increased by 5°C/min to 200°C, then further increased by 10°C/min to 230°C and held at this temperature for 3 min. Electron impact mass spectra were generated at 70 eV, with an m/z scan range from 50 to 350 amu. The MS source temperature was 230°C. Five experienced sensory panellists were recruited to perform a sniffing test on the GC-O output. Wet gas (high purity nitrogen and distilled water) was conducted to the nose during the sniffing test in order to improve the sensitivity and comfort of the panellists during sniffing.
Identification of volatile compounds
Extracted volatile compounds were preliminarily identified by NIST 08 mass spectra search libraries installed in the GC-MS equipment. Reconfirmation was performed by comparison of the mass spectrum (MS), retention index (RI) and odour descriptions (O) with reference compounds [9, 10] and standard compounds.
Quantitation of volatiles
A semi-quantitative method was utilised in this study for monitoring the changes in the concentration of different aroma compounds in Sachima during storage. The relative concentration for each aroma compound was calculated as follows [11] :
where C x , C i , A x, and A i represented the relative concentration of an odorant, the concentration of the internal standard, the peak area of the aroma compound and the peak area of the internal standard on the GC chromatogram, respectively. RF denotes the response factor, RF = 1.
Sensory evaluation
Descriptive sensory analysis [12] was carried out by 20 trained panellists who were recruited from the Laboratory of Molecular Sensory Science, Beijing Technology and Business University, Beijing, China. Daily training sessions were conducted for a month prior to the study in order to train the sensory panel to recognise the aroma characteristics and compounds of Sachima. The training standards used are shown in Table 1 . The sensory assessment was evaluated using a 10-point scale. Each panellist was asked to take a rest for sensory recovery between each set of five different samples. A blinded assessment approach was adopted, in which panellists did not know the shelf life time point of the sample being analysed), and samples were analysed three times by each panellist.
Statistical analysis
Line charts were constructed by Microsoft Office Excel 2007 to show the changing concentrations of aroma compounds during the storage process. A spider plot was constructed using Microsoft Office Excel 2007 I order to show the aroma profile of Sachima in its totality. One-way analysis of variance (ANOVA) and Duncan's multiple-range tests were used to identify significant differences in the concentrations of aroma compounds between Sachima samples. A P value of ≤ 0.05 was considered as statistically significant. Statistical tests were performed with IBM SPSS Statistics 22 software. Partial least squares regression analysis (PLS) was conducted using The Unscrambler software (v9.7 CAMO, OSLO, Norway) to explore the significant differences among the Sachima samples stored for different time intervals and the relationship between the outputs of the sensory evaluation and chemical analysis. The typical flavour associated with oxidative rancidity of lipid.
All the attributes were generated as a result of discussion between the panellists, with guidance from the reference.
Results and discussion

SPME extraction
In total, 63 different aroma compounds were identified by SPME-GC-O-MS. These included 14 alcohols, 11 aldehydes, 10 ketones, 12 esters, and 15 heterocyclic compounds. These results are more comprehensive but broadly consistent with those of Wang etc. [4] For example, the present studied identified certain 'new' volatile compounds in Sachima that have not previously been reported, including 1-octanol ('chemical' aroma), butanedioic acid dimethyl ester ('fruity' aroma), 2,5-dimethypyrazine ('roasted nut' aroma), ethylpyrazine ('peanut butter' aroma), trimethylpyrazine ('potato' aroma), and 2-methyl-3-(methylthio)pyrazine ('popcorn' aroma).
As shown in Table 2 , 18 different types of aroma were captured by the sensory panellists from the GC-O-MS of the Sachima samples, including 'green', 'chemical', 'grass', 'cocoa', 'malty', 'citrus', 'cooked potato', 'soap', 'mushroom', 'cheesy', 'fruity', 'green bean', 'popcorn', 'roasted nut', 'peanut butter', 'sweet', 'potato' and 'steamed rice'. The corresponding substances were, in order, 1-heptanol, 1-octanol, hexanao, 2-methylbutanal, 3-methly butanal, nonanal, 3-(methylthio)propionaldehyde, 2-octanone, 1-octen-3-one, n-propylacetate, dimethyl ester butanedioic acid, 2-pentylfuran, methylpyrazine, 2,5-dimethylpyrazine, ethylpyrazine 2-ethyl-5-methylpyrazine, trimethylpyrazine, and 2-methyl-3-(methylthio) pyrazine. The substances listed above were assigned as the key aroma-active compounds in Sachima because of their significant contributions to the perceived overall acceptability of the aroma of the Sachima by the sensory panelists.
The alcohols identified as present in Sachima may have been generated by the reduction of aldehydes degraded from fatty acids. [13] Edible oil is one of the most important raw materials in the manufacture of Sachima. Therefore, it is highly possible that the aldehydes identified as present in Sachima, especially the aliphatic aldehydes, such as hexanal and nonanal, might have originated from auto-oxidation of unsaturated fatty acids in the oil. [14] [15] [16] Because of their low aroma thresholds, a greater content of aldehydes might contribute significantly to the flavour of Sachima. However, increasing the content of aldehydes in the product might also result in it having an unpleasant aroma. Several studies have previously highlighted that certain selected aldehydes, especially hexanal, could be used as a marker for monitoring the oxidative rancidity. [17] [18] [19] [20] It has also been shown that 1-octen-3-one ('mushroom' aroma), an oxidative degradation product of unsaturated fatty acids, plays an important role in the aroma profile of Sachima because of its intense smell captured by sniffing in this study. [21] Heterocyclic compounds like methylpyrazine, 2,5-dimethylpyrazine, ethylpyrazine, 2-ethyl-5-methylpyrazine, and trimethylpyrazine would have been mainly generated from Maillard reaction during the thermal processing of Sachima. These compounds were associated with the aromas of 'nutty', 'popcorn' and 'potato', and contribute to the roast like flavour of Sachima. [22, 23] 
SAFE extraction
In total, 72 different aroma compounds were identified by SAFE-GC-O-MS. The chemical classifications of the identified compounds were broadly similar to those identified by the SPME method, except for the thioethers and acids. Thioethers were found to be present at high levels in all the Sachima samples, imparting relatively unpleasant odours, such as 'garlic', 'putrid', 'sulfur' and 'rotten egg'. The present study represents the first application of the SAFE method to the analysis of the aroma compounds in Sachima, and a number of the compounds detected by SAFE had not been reported previously such as benzyl alcohol ('sweet flower' aroma), bis(1-methylethyl) disulfide ('sulfur' aroma), and 3-methylbutanoicacid ('sweat, rancid').
According to the results of SAFE-GC-O shown in Table 3 , 22 different aromas were captured from the Sachima samples by the sensory panellists, including 'sweet', 'sweet flower', 'cocoa', 'malt', 'cut grass', 'cooked potato', 'mushroom', 'pineapple', 'cheesy', 'fruit', 'coconut', 'peach', 'popcorn', 'roasted nut', 'steamed rice', 'putrid', 'sulfur', 'rotten eggs', 'cabbage', 'sweat', and 'garlic'. The corresponding substances Retention index (RI) for the odorants in samples on DB-WAX and DB-5 column. 2 Method of identification containing MS, RI, O, STD which were represented mass spectrum, retention index, olfactory and authentic standards verification. 3 Odour property at the olfactory detection port. 4 Relative concentration stated as the mean ± SD. 5 ND, below detection limit; Results with different letters (a-e) were significantly different on the relative concentration at P ≤ 0.05 by Duncan's multiple range test. Retention index (RI) for the odorants in samples on DB-WAX and DB-5 column. 2 Method of identification containing MS, RI, O, STD which were represented mass spectrum, retention index, olfactory and authentic standards verification. 3 Odour property at the olfactory detection port. 4 Relative concentration stated as the mean ± SD. were, in order, ethanol, benzyl alcohol, 2-methylbutanal, 3-methylbutanal, hexanal, 3-(methylthio) propionaldehyde, 1-octen-3-one, ethyl acetate, n-propyl acetate, 5-hexyldihydro-2(3H)-furanone, 5-butyldihydro-2(3H)-furanone, 5-heptyldihydro-2(3H)-furanone, methylpyrazine, 2,5-dimethylpyrazine, 2-methyl-3-(methylthio)pyrazine, dimethyl disulfide, methylpropyl disulfide, diethyl disulfide, bis(1-methylethyl) disulfide, dimethyl trisulfide, dipropyl trisulfide, 3-methylbutanoic acid, and an unknown compound. These substances were assigned as the key aroma-active compounds, as before.
Similar to the results of the SPME analysis, SAFE analysis revealed that aldehydes and heterocyclic compounds were present at high concentrations in the Sachima samples, and played an important role in the flavour of the product, as evidenced by the high average log 3 FD-factor. Among the identified compounds, 2-methylbutanal, 3-methylbutanal and 3-(methylthio)propionaldehyde were Maillard reaction products from degraded leucine, isoleucine and methionine, respectively. [24, 25] The existence of these compounds in the Sachimas might be due to the egg ingredient; these compounds have been identified in scrambled eggs and spray-dried eggs in previous studies. [26, 27] In contrast to the findings of the SPME analysis, more thioethers and acids were extracted by SAFE. Thioethers imparted the aroma of 'sulfur', 'putrid', 'rotten eggs' and 'cabbage', especially bis(1-methylethyl)disulfide which imparted an intense 'sulfur' and 'gasoline' aroma at an log 3 FD of 2. The polysulfides have been reported as deriving from methanethiol, and 3-methylthiopropionaldehyde is usually considered to be the main precursor of methanethiol. [25] Furthermore, dimethyl disulfide and dimethyl trisulfide, with average log 3 FDs of 3 and 1, respectively, made significant contributions to the aroma of the Sachima, and many sulfur containing compounds have previously been detected in eggs. [28] The acids detected in the Sachima samples were regarded as odorous because of their sour smell. They are likely to have been the degradation products of the oxidation of lipids [27] such as 3-methylbutanoicacid which imparted a 'sweat' aroma at a log 3 FD of 2 in the samples that had been stored for 10 months. In addition, an interesting unknown compound was found in the samples that had been stored for 4 months and 6 month. The compound had an important odour note of 'garlic', with a log 3 FD of 2. Confirmation of this compound via further study is needed.
The predominant aroma-active compounds in Sachima
Dynamic headspace dilution analysis (DHDA) was performed by changing the split ratio of the GC. Three compounds had a relatively high log 3 FD of 4: 2-pentylfuran ('green bean' aroma), 3-(methylthio)propionaldehyde ('cooked potato' aroma) and 2-methyl-3-(methylthio)pyrazine ('steamed rice' aroma). These compounds might have played major roles in the perceived overall acceptability of the Sachima samples, and were followed by 2-methylbutanal ('cocoa' aroma), 3-methylbutanal ('malty' aroma), 1-octen-3-one ('mushroom' aroma), n-propylacetate ('fruity' aroma), 2,5-dimethyl-pyrazine ('roasted nut' aroma), each with a log 3 FD of 3. A further dilution analysis was performed using aroma extract dilution analysis (AEDA). Two compounds: dimethyl disulfide ('cooked cabbage' aroma) and dipropyltrisulfide ('sulfur' aroma) had a relatively high log 3 FD of 3, and may thus play important roles in the perceived overall acceptability of the Sachima. Collectively, from the results of the different chemical and sensory analyses regarding the different categories of aroma-active compounds identified, it is suggested that the characteristic flavour of Sachima is derived mainly from lipid oxidation and Maillard reactions that occur during manufacturing.
Some of the compounds identified in the present study as being predominant aroma-active compounds in Sachima, have not previously been identified, such as 1-octanol ('chemical' aroma), 3-(methylthio)propionaldehyde ('cooked potato' aroma), 1-octen-3-one ('mushroom' aroma), dimethylester butanedioicacid ('fruit' aroma), 5-heptyldihydro2(3H)-furanone ('peach' aroma), 2,5-dimethyl pyrazine ('roasted nut' aroma), 2-methyl-3-(methylthio)pyrazine ('steamed rice' aroma), bis (1-methylethyl)disulfide ('sulfur' aroma), and 3-methylbutanoicacid ('sweat'). It is worth mentioning that 3-(methylthio)propionaldehyde, 2-methyl-3-(methylthio)pyrazine, bis(1-methylethyl)disulfide and other sulfur-containing compounds were tentatively identified as characteristic aroma compounds in Sachima. In addition, 2-methylbutanal and 3-methylbutanal which are products of Strecker degradation were also identified as important in the aroma profile of the Sachima samples, which further highlights the contribution of the Maillard reaction to the aroma flavour of Sachima.
Sensory evaluation
The results of the sensory evaluation are shown in Fig. 1 . According to the spider plot, the overall aroma profile of the Sachima samples could be separated into ten attributes, as identified by the sensory panellists. The overall acceptability score, which represented the panellists' preference for each Sachima sample, was markedly higher for the samples that had been stored for 2 or 4 months, and decreased gradually thereafter in samples stored for a greater duration of the shelf life. Further, the intensities of 'eggy', 'milky', 'sweet', 'green', 'roast', and 'cocoa/malty' in the samples stored for 2 and 4 months were also markedly higher than those of the other samples that had been stored for longer. The egg flavour appeared to be the main characteristic aroma of the Sachimas, as evidenced by its higher score by the sensory panellists. It seems likely that the presence of the aforementioned pleasant aromas were the reason why the panellists scored the 2 and 4 month samples higher in terms of their overall acceptability. Meanwhile, the unpleasant smells of 'fishy', 'fatty', 'burnt', and 'rancid' received higher scores in the samples that had been stored for6-10 months. It is not difficult to reason that the longer the duration of storages, the worse the aroma of the Sachima might be. The results of SAFE-GC-O-MS indicated that some acids and thioethers were generated in the samples that had been stored for 8 and 10 months, such as 3-methylbutanoic acid, dimethyl disulfide, diethyl disulfide and dimethyl trisulfide. These compounds could have contributed to the odours of 'sour', 'sweaty', 'putrid', 'rotten egg', and 'sulfur' that might be regarded as the source of the unpleasant aroma of Sachima that had been stored for 8 months or more. However, the unpleasant odours that were associated with stored Sachima did not seriously impact on the sensory experience, even after 10 months storage, within the stated shelf life of the product at retail. According to the high assessment scores of eggy, sweety, and milky attributes assigned to these Sachima samples, it appeared that the attractive aroma compounds present still played a dominant role in the overall aroma profile of the Sachimas after 10 months storage.
Changes in the concentrations of key aroma-active compounds in Sachima with increased duration of storage
Comparison of the relative concentrations of the different compounds extracted by SPME among the Sachima samples (Fig. 2) , revealed a step-wise change in the aroma profile of the Sachima over time, whereby the concentrations of identified compounds initially increased, then levelled out, before finally increasing again, especially in terms of the content of aldehydes, alcohols, and heterocyclic compounds. Considering the significant oil and carbohydrate content in Sachima, it was not difficult to conclude from this that Maillard reactions and lipid oxidation were both taking place during the storage process. If so, these reactions might well be the reason for the decline in the sensory acceptability of the product with increased storage time.
In order to enable a thorough analysis, the relationships between the concentrations of the 41 key aromaactive compounds identified by SPME and SAFE-GC-O-MS and the results of the sensory assessments were analysed by PLS. As illustrated by the PLS biplot in Fig. 3 , Sachima samples stored for the five different durations (2, 4, 6, 8 and 10 months) were distinguished clearly in the X/Y axis. In addition, the results from samples stored for 6 months and 8 months showed a high positive correlation. This finding corresponded well with the observed changes in concentration of the compounds as determined by SPME-GC-MS. In addition, it was evident that the pleasant aromas of 'eggy', 'roast', 'sweet', 'milky', 'green', and 'cocoa/malty', showed a high correlation between the samples stored for 2 and 4 months. However, intriguingly, the corresponding odorant compounds related to these aromas, such as hexanal, nonanal, 2-methylbutanal, 3-methylbutanal, 2-pentylfuran, 2-octanone, 2,5-dimethylpyrazine, and 2-methyl-3-(methylthio)pyrazine were more concentrated on the area associated with 10 months of storage, and showed a positive relationship with 'fatty', 'fishy', and 'rancid' aromas. This might be due to the increasing content of these compounds during storage. Thus, it appears that high concentrations of these key aroma-active compounds might bring a negative influence on the aroma profile of the Sachima. According to the observed increase in the content of pyrazine compounds with increased storage of the Sachima, it seems evident that the Maillard reaction was continuing during storage. Combining these findings with the sensory evaluations, even though the offflavour of the Sachimas became more intense between 2 and 10 months, the scores for the pleasant aromas ('eggy', 'roast', 'sweet', 'milky', 'green' and 'cocoa/malty') were still considerably higher than those of the disagreeable odors ('fatty', 'fishy' and 'rancid'). The findings also suggest that the desirable aroma components still played a dominant role in the aroma profile even at the longer durations of storage. However, due to the low thresholds of some of the off-flavour compounds, a small increase in these compounds could potentially have a negative effect on the sensory experience.
From the PLS biplot in Fig. 4 , it can be seen that there were also significant differences among the Sachima samples stored for the five different durations (2, 4, 6, 8, and 10 months). A high positive correlation between the results from the 2 month and 4 month samples was again seen and coincided with the findings of the sensory evaluations. "Overall acceptability" was more closely focused around the 2 month storage duration, which was consistent with the results of the sensory assessment. In addition, 'sweet', 'green', 'milky', and 'roast' aromas were correlated with the aroma compounds ethanol, 5-hexyldihydro-2(3H)furanone, 2,5-dimethylpyrazine, and methylpropyl disulfide, and positioned close to the 2 month storage duration. Further, 2,5-Dimethylpyrazine was positioned close to the aromas of 'roast' and 'milky' which might contribute to the pleasant aroma of Sachima. Dipropyltrisulfide and bis(1-methylethyl)disulfide had a high positive correlation with the 4 month duration of storage and a moderate correlation with the 2 month duration of storage. The compound 3-Methylbutanoic acid was positively correlated with 'rancid' aromas, and was affiliated with positive PC2 which was positioned near the 10 month storage duration. This compound might be responsible for imparting an undesirable odour to the Sachima. Ethyl acetate, 5-butyldihydro-2(3H)furanone, and benzyl alcohol were positioned near to the aromas of 'fatty', 'rancid', and 'fishy' and yet these substances impart pleasant aromas like pineapple, sweet flower and coconut. Thus, it seems that the appearance of an unpleasant smell does not necessarily come from compounds that have off-flavour, but could also be due to an increase in the concentration of aroma compounds that impart pleasant aromas when present at a lower level. 
Conclusion
A total of 41 aroma-active compounds were detected in Sachima samples by SPME/SAFE-GC-O-MS methods. Among them, the predominant compounds were tentatively identified by dilution analysis, as: 3-(methylthio)propionaldehyde, 2-pentylfuran, 2-methyl-3-(methylthio)pyrazine, dimethyl disulfide, and dipropyl trisulfide. The two extraction methods employed had their own advantages. While SAFE was well suited to extraction of those middle or high molecular weight volatile compounds like thioethers, SPME was appropriate for the extraction of very volatile compounds such as aldehydes. Overall, the combination of the two extraction methods with the GC-O-MS technique enabled a more comprehensive analysis of Linear partial least-squares analysis (PLS) biplot of sensory attributes versus prominent aroma-active compounds quantified by SPME-GC-MS (the prominent aroma-avitve compounds'numbers in biplot were 6, 11, 15, 16, 17, 19, 28, 37 , 39, 49, 50, 52, 54, 56, 57, 62, which corresponding to Table 2, respectively.).
Sachima flavour than has been conducted before. According to the observed changes in the concentrations of the identified volatile compounds during storage of the Sachima, it appeared that the Maillard reaction and lipid oxidation were sustained throughout the duration of storage, so that aroma compounds and offflavour compounds were being generated simultaneously. In addition, the undesirable smell of stored Sachima appeared to be not just the result of a single volatile compound or of off-flavour compounds, but rather due to the increasing content of both pleasant and unpleasant aromas. Furthermore, the major aroma components still played a dominant role in the overall aroma profile of Sachima even after 10 months of storage. On this basis, the simultaneous control of fat oxidation and Maillard reaction might prove useful measures to prevent a decline in overall sensory acceptability of the product over time (storage). Further studies on the aroma profile of Sachima may be useful for the improvement of the sensory quality of this traditional Chinese pastry.
Highlights
• Thirty common key aroma compounds were detected in Sachima by SPME/SAFE-GC-O-MS.
• Evolution of aroma compounds in Sachima that impact the sensory acceptability was explored.
• Some acids and thioethers were generated in 8Mon. and 10Mon. samples • Inflexion point of unpleasant odour appeared at 6M-8M, then became more clear at 10M.
• PLS was used for the correlation of sensory evaluation with related odorants.
